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Ⅰ．Background
　In the auditory pathway, a significant number of 
nerve fi bers cross the brain and connect with neurons 
in the hemisphere opposite to the ear1）. It is believed 
that speech auditory information from the right ear 
conveys information to the left auditory cortex directly, 
as cross nerve fi bers are signifi cant; the right ear has an 
advantage over the left in this respect2, 3）. The primary 
auditory cortex is the transverse temporal gyrus and 
the speech auditory cortex is the left superior temporal 
gyrus （STG）　and neighboring areas. In healthy, 
normal-hearing persons, it has been reported that 
60%‒70% show right ear dominance4, 5）. Additionally, a 
report from the Dichotic listening test of normal-hearing 
persons indicated right ear advantage 6）. However, 
in a previous study, the results of speech audiometry 
indicated that patients with aphasia, who had left 
temporal injuries, had increased left ear advantage7）. 
In the present study, we aimed to reveal brain functions 
associated with the speech auditory condition of normal-
hearing persons separately for the left and right ears 
using functional near-infrared spectroscopy （fNIRS）.
Ⅱ．Methods
1．Participants
　Ten right-handed healthy participants with good 
hearing were recruited. The group comprised two men 
and eight women （mean age: 34.2 ± 12.5, mean years 
of education: 16.3 ± 2.1）.
2．Materials and Treatment Procedure
1） fNIRS measurements
　We used FOIRE-3000 （Shimadzu Corp., Japan） to 
measure oxyhemoglobin using 780-, 805-, and 830-
nm near-infrared spectroscopy. To measure the area 
of the brain in either hemisphere, we used a flexible 
holder with the fNIRS machine. We placed 15 probes 
in each quadrant （right hemisphere: 8 emission and ７ 
detection; left hemisphere: ７ emission and 8 detection） 
（Fig. １）. The adjacent distance between the emission 
probe and detection probe was 3 cm, which enabled 
cerebral blood measurements at a depth of 2‒3 cm 
from the scalp （i.e., the surface of the cerebral cortex）
8）. It was possible to obtain measurements from 22 
channels in each quadrant; therefore, we obtained 
measurements from all 22 channels in each hemisphere. 
To unify the measurement sites, the lowest left center 
probe was placed at T3 and the lowest right center 
probe was placed at T4. T3 and T4 are described in 
the international 10‒20 electrode system used for 
electroencephalography9）.
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The optode location was marked with a 3D digitizer 
（FASTRAK;  Polhemus,  Colchester,  VT）. After 
calculating the midpoint of the neighboring light source 
and detector on the skull surface, the fNIRS channel 
locations on the cortex were estimated using the balloon 
inflation method10）. We assumed that measurement 
sites were around the bilateral temporal and frontal 
areas, and part of the parietal area. Bilateral temporal 
sites were around both ears; therefore, our measurement 
sites were near the parietal area as opposed to the 
bottom of the temporal area.
2） Constitution and presentation of speech fi les
　Four separate audio fi les were created. Two separate 
audio speech fi les were used in the hearing tests （one 
for the right ear and the other for the left）. Another 
two audio speech fi les were used for repetition tests （one 
for the right ear and the other for the left）. The files 
consisted of 10 isolated Japanese monosyllables, 10 
Japanese words, 10 pseudo-words, 5 Japanese sentences 
consisting of two or three words each, and white noise. 
Ten seconds of white noise was interposed between fi les 
with 30 s of recorded speech. Monosyllables were used 
from the speech sound in Japanese speech audiometry 
table 57S11）. Words and pseudo-words were used from 
speech audio of SALA12） and sentences were used from 
CI200413）.
　Japanese speech was played at a fi xed sound intensity 
of 65 dB via an audiometer （AA77-A; Rion, Japan） with 
an earphone （ER-3A, Etymotic Research. Inc., Grove 
Village, IL, USA） inserted in the right ear. An earplug 
was placed in the left ear. The same procedure was then 
performed in the left ear, with an earplug in the right 
ear.
3） fNIRS task design and measurement
　A block design was used for fNIRS measurement （Fig. 
2）. Hearing and repetition tasks were then performed. 
In the hearing task, the patients were instructed to listen 
to speech. In the repetition task, they were instructed 
to repeat the words. The hearing and repetition tasks 
included a 4-block × 2-block design. Oxyhemoglobin 
was measured during the hearing and repetition tasks.
4） Data analysis
　FOIRE-3000 analysis software was used to compare 
relative changes in oxyhemoglobin during the speech 
task, as well as the white noise period prior to the 
speech task, and t-values were calculated. It has been 
noted that fNIRS signals include a signal that indicates 
changes in scalp blood fl ow on a brain lesion. Thus, we 
used independent component analysis （ICA）14） to avoid 
measuring brain skin blood flow. Moreover, t-values 
were calculated according to relative oxyhemoglobin 
assessed with ICA in a general linear model15）. P < 0.05 
was considered signifi cant. The measured brain regions 
were divided into front, central （speech language 
area）, and posterior parts. 
Ⅲ．Results
　Relative changes in oxyhemoglobin were measured 
during hearing and repetition tasks, and t-values were 
calculated. Table 1 shows the calculated t-values and 
significant P -values in the three brain parts （front, 
central, posterior）. Fig. 3, Fig. 4, Fig.5, and Fig.6 show 
colored t-values on the standard brain according to each 
task. The colors changed depending on the t -values.
1．The Results of the Hearing Task
　Fig. 3 showed t-values of the hearing task when study 
participants listened with their right ears, and Fig. 4 
showed t-values of the hearing task when they listened 
with their left ears.
　Fig. 3 and Table 1 show that there were many 
channels with significant t-values in the bilateral 
hemisphere. In the right hemisphere, when participants 
listened with their right ears, [specifically, channel 18 
（front part） and channel 12 （central part）], t-values of 
80 or greater were shown. In the left hemisphere, when 
the right ear was used [specifi cally channel 42 （frontal‒
temporal lobe）], t-values of 38 or greater were shown.
　Fig. 4 and Table 1 show minimal channels with 
signifi cant t-values when the participants used their left 
ears. Fig. 4 and Table 1 showed that channel 16 and 
the neighboring area of the right central part exhibited 
significant t-values when the participants listened 
with their left ears. In the left hemisphere, channel 42 
showed t -values of nine or greater. However, except 
channel 42, there were a few other channels with 
signifi cant t -values when the participants listened with 
their left ears in the left hemisphere.
2．The Results of the Repetition Task 
　Fig. 5 shows t-values in the repetition task when 
participants listened with their right ears, and Fig. 6 
shows t -values in the repetition task when participants 
listened with their left ears. Table 1 shows every channel 
that exhibited signifi cant t -values, heard with either the 
left or right ear. 
　Fig. 5 and Table 1 show that channels 13 and 18 
（front part） and channel 12 （central part）, in the 
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normal-hearing persons. We defi ne an easy task as one 
requiring the right ear only; whereas hard tasks require 
both ears and hemispheres. Thus, we report the right 
ear dominance in bilateral hemispheres.
2．Brain Activation Area 
　It has been reported that speech auditory information 
from the right ear conveys information to the left 
auditory cortex directly, as cross nerve fibers are 
significant; the right ear is at an advantage1）. One 
study reported that the left posterior Sylvian at the 
parietal‒temporal boundary has a role in speech 
auditory cognition; other research reported that speech 
auditory deafness arose from left STG functional 
disorder23）.
　Our results showed that there were mult iple 
significant activation channels when participants used 
their right ears in the hearing task. However, left STG 
not activated, whereas the bilateral areas of STG were 
activated. In the repetition task, articulation related to 
the right frontal area and auditory area related to the 
right temporal area were activated in the case when 
either ear was used. Though the activation area in the 
left hemisphere was almost the same as the activation 
area in right hemisphere, the activation-related t -values 
in the right hemisphere, especially the right frontal 
area, was greater than the activation-related t -values 
in the left hemisphere. It was previously reported that 
emotional prosody is related to the right hemisphere. 
We regard that the high activation-related t -values in 
the right hemisphere were related with the processing 
of prosody in the right hemisphere24）. In addition, it has 
been reported that the frontal area is related to focused 
attention or concentration25）. Our study participants 
demonstrated focused effort on the tasks performed. 
We consider that in normal-hearing persons, both 
hemispheres are in close contact with one another. 
right hemisphere, indicated signifi cant t -values of 70 or 
greater when participants listened with their right ears. 
Notably, multiple signifi cant t -values were shown in the 
front, central, and parietal parts of the brain. In the left 
hemisphere, frontal channel 28 （front part）, temporal 
channel 38 （central part）, and parietal channel 25 
（posterior part） showed signifi cant t -values. 
　Fig.6 and Table 1 indicate that channels 13 and 18 
（right front part） and channel 12 （right central part） 
showed significant t -values when participants listened 
with their left ears. In the right hemisphere, these 
channels were the same as when participants used their 
right ears. In the left hemisphere, frontal channel 37 
（front part）, parietal channel 25 （central part）, and 
temporal channel 44 （posterior part） showed signifi cant 
t -values. 
IV. Discussion
1. Dominant Ear on Healthy, Normal-hearing Persons
　During the hearing task, multiple channels exhibited 
signifi cant t-values when participants listened with their 
right ears. We believe that this means that brain activity 
was high when the right ear was used. In the hearing 
task, participants mainly listened with their right ears. 
In the repetition task, they used both ears. In both the 
tasks, the left hemisphere did not show an advantage.
　It was reported that normal-hearing persons hear with 
their right ears dominantly4, 16）. 
　Additionally, research regarding auditory evoked 
potentials indicates that the right ear is dominant17, 18）. 
It has been further reported that speech, sounds that 
express emotions, bird sounds and animals barking, 
and sounds of streams are mainly dominated by the left 
hemisphere; whereas pure tones, white noise, machine 
sounds, and orchestral music are mainly dominated by 
the right hemisphere19）. Based on functional laterality, 
the left hemisphere has been reported to dominate 
phonological processing; whereas, the right hemisphere 
dominates prosody processing20, 21）. Conversely, it 
is reported that the speech repetition task caused 
bilateral hemisphere activation, but left hemisphere 
activation was more significant than right hemisphere 
activation22）. Our results show that the left hemisphere 
was not dominant despite right ear dominance. We 
think reasoning for this relates to types of tasks, as 
well as difficulty levels of tasks. These experiments 
were controlled experiments with pure word deafness. 
Therefore, hearing tasks were relatively easy for 
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V．Conclusion
　We conducted experiments to clarify the ear 
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